Masked hypertension is defined as low clinic and elevated out-of-clinic pressure (blood pressure, BP) assessed either by patients at home or by ambulatory monitoring. This study compared the cardiovascular status and psychometric characteristics of masked, white coat and sustained hypertensives. Three groups of consecutive subjects with masked (n ¼ 100, age 59 ± 11 years), white coat (n ¼ 100, 60 ± 10 years) and sustained hypertension (n ¼ 100, 60 ± 11 years) diagnosed by ambulatory BP monitoring were compared. Masked hypertensives had higher educational level, exercised more frequently, received fewer drugs and sensed more responsibilities at work than at home. Their left ventricular hypertrophy indexes fall inbetween those with white coat and sustained, the latter having the highest values. The estimated total cardiovascular risk was intermediate between white coat and sustained, whereas their cardiovascular morbidity and renal disease was higher than that of white coat and similar to sustained. Psychological profile analysis showed lower score for type-A personality and their mood behaviour in the hypomania-euthymia range compared with white coat and sustained hypertensives. The cardiovascular risk of masked hypertensives is higher than that of white coat and similar to sustained. Masked hypertensives have higher educational level, better physical training and different personality/mood pattern than white coat and sustained.
Introduction
The diagnosis of hypertension is traditionally based on measurements of blood pressure (BP) in the doctor's office. However, the use of ambulatory and home BP monitoring allowed the recognition of the phenomena of masked hypertension (MH) and the white coat hypertension (WCH), which remain undetected when BP is assessed only in the clinic environment. [1] [2] [3] The phenomenon of MH is common, 4 -7 yet only recently its clinical significance has been recognized. 8, 9 Studies have shown that masked hypertensives have frequent target organ damage and higher cardiovascular risk than normotensives or white coat hypertensives. 5, 8, 10 The cardiovascular morbidity and mortality associated with MH are already under investigation. 9 A number of studies have shown the powerful prognostic value of ambulatory and home BP measurements in relation to cardiovascular morbidity and mortality. 1, 7, 11, 12 The underlying mechanisms of MH remain unclear. There is evidence that this phenomenon is related with young age, male gender and smoking. 9, 13 It is likely that MH is associated with the psychological profile of the patients and the atmosphere created in the clinic or office setting. Yet, scant attention has been placed on psychological parameters, such as daily stress, hostility, anger, depression and social support. 14 The aim of this study was to investigate potential characteristics related with the occurrence of MH and to compare the cardiovascular status of these subjects with white coat and sustained hypertensives.
Methods

Study population
This is a prospective study of treated or untreated subjects referred to an outpatient hypertension clinic. The referring doctors were not aware of this study and the potential for their patients to be recruited. A total of 300 consecutive subjects were recruited. The first 100 subjects who fulfilled the inclusion criteria for MH as well as the first 100 with WCH and the first 100 with SH have been included. Patients with secondary hypertension or with clinic BP 4180 mm Hg systolic and/or 110 mm Hg diastolic on repeated measurements were excluded. MH was defined as normal clinic BP (o140 mm Hg systolic and o90 mm Hg diastolic) but elevated daytime ambulatory BP (X135 mm Hg systolic and/ or 85 mm Hg diastolic), WCH as elevated clinic BP (X140 systolic and/or 90 diastolic mm Hg) but normal daytime ambulatory BP (o135 mm Hg systolic and o85 mm Hg diastolic) and SH as elevated clinic and daytime ambulatory BP. 3, 15, 16 The same threshold (X135 mm Hg systolic and/or 85 mm Hg diastolic) was used to diagnose MH on the basis of home BP measurements. Antihypertensive drug treatment remained unchanged in the last 4 weeks before and during the study. Participants were evaluated with physical examination, clinic, ambulatory and home BP measurements, routine laboratory tests, electrocardiographic and echocardiographic examinations, psychological tests and assessment of cardiovascular risk factors profile.
BP measurements
Clinic BP was measured by a physician in three visits at least 1 week apart. Triplicate measurements were taken at each visit after 5 min sitting rest and with 1-min intervals between measurements with the subjects' arm supported at heart level and after having abstained from caffeine and smoking for at least 1 h. The average of the last two measurements of each visit was recorded and the average BP of all the three study visits was taken as the individuals' clinic BP. A validated automated oscillometric device Omron HEM 757 (Omron Healthcare GmbH, Hamburg, Germany) was used with bladder size 12 Â 24 cm or 15 Â 35 cm to fit the individuals' arm circumference. 17 Home BP was measured by the participants or their relatives at home using the same device as for clinic BP. Participants were instructed about the use of the device, the conditions and the schedule for home BP monitoring and received a handout with instructions and a form to report their readings. They were asked to monitor home BP for four consequent workdays with duplicate morning (6-9 AM, before antihypertensive drug intake if treated) and evening measurements (6-9 PM). Measurements of the first day were discarded and the average home BP of days 2-4 was calculated per participant. 12 Ambulatory BP was monitored for 24 h using validated oscillometric devices SpaceLabs 90207 (SpaceLabs Inc., Redmond, WA) on a routine weekday with readings taken every 20 min from 7 AM to 11 PM (daytime) and every 30 min from 11 PM to 7 AM (nighttime). 17 Patients were instructed to undertake their routine daily activities during ambulatory BP monitoring.
Demographic, lifestyle and psychological parameters Information was collected using a questionnaire administered by the attending physician involving demographic data, socioeconomic and marital status, educational and professional level, sense of work and home responsibilities, smoking and alcohol drinking habits and physical training. Information was also obtained regarding cardiovascular risk factors, psychiatric disease and drug treatment.
In the same visit, participants completed a psychological battery test, which included measures of type-A personality scale (Minnesota Multiphasic Personality Inventory [MMPI-2] type A scale) and the Von Zerssen mood scale. 18, 19 These tests have satisfactory psychometric properties and available norms. 20, 21 These psychological inventories were chosen for the pursuit of the explanation of MH, as they measure constructs related to cardiovascular disease. The MMPI-2 type-A scale includes 19 items that require true or false responses to questions about time urgency, competitiveness and hostile attitudes. Responses are categorized into four approximately equally sized groups on the basis of the distribution of scores (0-4, 5-7, 8-10 and X11). The Von Zerssen mood scale is a self-rating questionnaire made up of 28 adjective pairs that require subjects to choose one of them as an answer to the question of what he/she is feeling at the right moment. The calculation is made by the sum of grades grading as 2 an answer within a dysthymicdepressive mood diathesis, 0 when the answer declares an euphoric-manic diathesis and 1 when the answer is neither of the two. The responses are categorized into three groups: o7 being manics, 423 being normothymics and 430 being depressives. The Von Zerssen questionnaire was administered twice to be completed by the participants in the clinic and at home.
Biochemical measurements
Morning blood samples were obtained after an overnight fast. Routine hematology and biochemistry tests, HbA1c and lipid profile were determined by standard laboratory measurements. Creatinine clearance was calculated using the Cockcroft-Gault formula. 
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Cardiovascular risk Prediction of 10-year risk of fatal cardiovascular disease was calculated for each participant using the SCORE tables for low risk region in Europe according to gender, age, systolic CBP, total cholesterol levels, diabetes and smoking. 24 A history of cardiovascular events and review of hospital records was recorded. Cardiovascular events included ischemic or hemorrhagic stroke, transient ischemic attack, myocardial infarction, angina, coronary or peripheral revascularization and hospitalized heart failure. Renal damage (serum creatinine 41.4 mg per 100 ml in women and 41.5 mg per 100 ml in men) and peripheral artery disease were also recorded.
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Statistical analysis Data are expressed as mean ± standard deviation (s.d.), or percentage. The statistical difference among MH, WCH and SH groups was evaluated by one-way analysis of variance followed by post hoc testing with the Tukey HSD test for continuous data and w 2 tests for categorical data. Kruskal-Wallis nonparametric tests were used for data not normally distributed. Bonferroni correction for multiple comparisons was applied where appropriate. Statistical analysis was performed using the Statistical Package for Social Sciences software (SPSS release 14.0; SPSS Inc., Chicago, IL, USA). A P value o0.05 was considered to be statistically significant.
Results
Study population
The study was conducted from June 2005 to July 2007. A total of 547 subjects were recruited, of whom 101 had MH (18%), 125 WCH (23%), 147 SH (27%) and 174 were normotensives (32%). The first 100 consecutive subjects with MH, 100 with WCH and 100 with SH were included in the analysis. Among these 300 subjects, 115 (38%) have been referred by the hospital diabetes clinic (36 with MH, 36 with WCH and 43 with SH) and 77 (26%) by the angiology clinic (27 with MH, 23 with WCH and 27 with SH). Compared with white coat hypertensives, masked hypertensives received fewer drugs for hypertension or psychiatric disorders, were better physically trained, had higher educational level and sensed fewer responsibilities at home and more at work (Table 1) . Compared with sustained hypertensives, masked hypertensives received less drug treatment for hypertension or psychiatric disorder, were better trained and of a higher educational level.
BP measurements and diagnoses
As expected, clinic BP was higher in white coat and sustained than in masked hypertensives, whereas average ambulatory and home BP were higher in masked and sustained hypertensives (Table 2) . Dipping pattern was more common in white coat hypertensives and less in the other two groups, whereas the first morning BP readings were lower in white coat hypertensives compared with masked and sustained hypertensives. Of the 100 masked hypertensives detected by ambulatory BP monitoring, 78 were also masked hypertensives by home BP monitoring. On the other hand, 22 subjects had MH on the basis of ambulatory but not on home BP monitoring.
Psychological profile
Analysis of psychological profile showed that masked hypertensives had a lower score for type-A personality. 18 Their mood behaviour was more in the hypomania-euthymia range (more normothymic) 19 compared with white coat and sustained hypertensives (Table 3) . White coat and sustained hypertensives were high scorers on type-A scale, described as hard-driving, fast-moving and work-oriented individuals, who frequently become impatient, irritable and annoyed in contrary to masked hypertensives. According to Von Zerssen questionnaire, white coat and sustained hypertensives were higher scorers meaning more depressive than masked hypertensives.
Left ventricular structure and function
In the MH group, the prevalence of electrocardiographic left ventricular hypertrophy was higher compared with the white coat hypertensives and similar to that of sustained hypertensives (Table 4) . Furthermore, in masked hypertensives, echocardiographic findings regarding the left ventricular mass and hypertrophy fall in-between those of WCH and SH, the latter having the highest prevalence of left ventricular hypertrophy (Table 4) . Electrocardiographic left ventricular hypertrophy was more common in men than women across all the three study groups (masked, white coat and sustained hypertensives, Po0.05 for all groups).
Cardiovascular and renal disease
In masked hypertensives, the 10-year risk of cardiovascular events calculated using the SCORE risk seemed to be intermediate falling in-between white coat and sustained hypertensives (Table 5) . However, cardiovascular morbidity and renal disease of masked hypertensives was higher than that of white coat hypertensives and similar to that of sustained hypertensives (Table 5 ). No differences were found among the three groups in estimated creatinine clearance and in peripheral artery disease.
Discussion
This study confirms earlier reports showing that MH is a common phenomenon and is associated with target organ damage and cardiovascular risk as in sustained hypertension. Interestingly, this study showed that masked hypertensives differ from white coat and sustained hypertensives in terms of psychometric characteristics, such as behaviour pattern and mood state.
MH in this study was diagnosed on the basis of ambulatory BP monitoring, which is regarded as the most reliable measure of the true BP over time. 1 In line with other reports, 12, 15 when home BP was used to diagnose MH, there was disagreement with the ambulatory BP diagnosis in 22%. This disagreement is probably due, at least in part, to random variation above and below the BP threshold, 15 and supports the view that home and ambulatory BP are interchangeable methods in the diagnosis of MH. 15 Similar proportions of subjects with MH are detected by ABP and HBP monitoring. Although disagreement in the diagnosis between the two methods is not uncommon, in the majority of these cases, the deviation of the diagnostic BP above the threshold in not clinically important. Both ABP and HBP monitoring seem to be appropriate methods for the detection of MH.
As expected, clinic BP was higher in the WCH and SH groups than in the MH group, whereas ambulatory and home BPs were higher in the MH and SH groups than in the WCH group. Nocturnal dipping was larger in white coat hypertensives opposed to earlier studies 25 and was similar in masked and sustained hypertensives. 26 The first morning BP readings were higher in the MH than in the WCH group and comparable to the SH group, adding another risk factor related to target organ damage and cardiovascular morbidity. 27 In line with earlier reports, MH was related to physical training, higher educational level and higher sense of responsibilities at work than at home, which can be regarded as greater reactivity to daily stressors that might increase daytime BP. 3, 9, 28 In accordance with other studies, the prevalence of left ventricular hypertrophy was similar in masked and sustained hypertensives and less in white coat hypertensives. 5, 10 In addition, cardiovascular risk and morbidity were similar in masked and sustained hypertensives and lower in white coat hypertensives. This finding is probably related to the fact that masked hypertensives remain undiagnosed and untreated for a long period of time. 7, 11, 29 This view is supported by the fact that masked hypertensives received less antihypertensive treatment and combination treatment for hypertension than white coat or sustained hypertensives.
This study provides new evidence on the psychological profile of masked hypertensives. There is scarce evidence on this issue. A study of 319 subjects that applied a battery of tests for anxiety, depression, stress, disappointment, hostility and social support showed no difference between masked hypertensives and normotensives.
14 The MMPI-2 type-A scale questionnaire that was used in this study to evaluate the personality type has been proven to predict coronary heart disease incidence in a cohort of disease-free individuals. 18 The results showed masked hypertensives to be less of type-A personality, meaning that they were less hard-driving, fast-moving and work-oriented compared with white coat or sustained hypertensives that were more impatient and irritable. The mood diathesis assessed in this study using the Von Zerssen mood scale at the time of clinic and home BP measurements, showed masked hypertensives to be less depressed than white coat or sustained hypertensives. This test was chosen because it can determine the changes in mood diathesis while the individual is sensing them, and accurately discriminates mania from normothymia and depression. 19 From what we have found, psychological profile seems to follow CBP levels and thus MH are probably more like normotensives, while WCH and SH display similar findings. Cardiovascular risk seems to follow ABP levels and thus MH patients are intermediate between WCH and SH patients.
There are several limitations to this study. First, this was a non-randomized cross-sectional design. Second, the study participants are probably not representative of the hypertensive population in general, because a large proportion (64%) has been referred from the hospital diabetes and angiology clinics. This explains the high prevalence of cardiovascular disease in this study. As this study did not include a random population sample, it is not known to what extent a selection bias has affected the differences observed between the three study groups and determined the final study results. Third, cardiovascular morbidity was not verified but based on patients' history and medical records. Fourth, the diagnosis of masked, white coat and sustained hypertension was based on a single ambulatory BP recording and, therefore, some of the participants might have been misclassified. Fifth, there was no normotensive group in this study to show whether MH differs from WCH and SH because it has a distinct psychometric profile or whether it is similar to that of normotensives. Sixth, the study involved both treated and untreated subjects and confounding effects of earlier diagnosis and current therapy for hypertension may have influenced the psychometric parameters.
In conclusion, this study confirms earlier reports showing that MH is a common phenomenon and is associated with more severe target organ damage and higher cardiovascular risk than WCH and similar to that of SH. Masked hypertensives seem to differ from subjects with elevated office BP (white coat or sustained hypertensives) in terms of their What is known about the topic K The use of ambulatory and home blood pressure monitoring allows the recognition of the phenomena of masked hypertension and white coat hypertension, which remain undetected when BP is assessed only in the clinic environment. K Masked hypertension is related with young age, male gender and smoking. K Masked hypertensives have frequent target organ damage and higher cardiovascular risk than normotensives or white coat hypertensives, comparable to that of sustained hypertensives.
What this study adds K Masked hypertension is related to physical training, higher educational level and higher sense of responsibilities at work than at home, which can be regarded as greater reactivity to daily stressors that may increase daytime blood pressure. K Masked hypertensives tend to be less of type-A personality; meaning that they are less hard-driving, fast-moving and workoriented compared with white coat or sustained hypertensives that are more impatient, irritable and depressed.
